To evaluate the factors associated with the evolution of chronic hepatitis C in human immunodeficiency virus (HIV)-infected patients, a cross-sectional analysis of 41 HIV-infected patients with chronic hepatitis C (known as "HIV-HCV [hepatitis C virus]-coinfected patients") and a control group of patients with chronic hepatitis C who did not have HIV infection (known as "non-HIV-infected patients") was performed. The association of histological variables with demographic parameters, HCV load and genotype, HIV load, CD4
+ T cell count, and response to highly active antiretroviral therapy (HAART) was evaluated. HIV-HCV-coinfected patients showed a significantly higher HCV load, more-advanced fibrosis, and a higher liver fibrosis progression rate (FPR) than did non-HIV-infected patients. A high HCV load and a low CD4 + T cell count were associated with a higher FPR. The immune response induced by HAART did not influence this progression. In conclusion, HIV-HCV-infected patients, mainly such patients with a high HCV load and an immunodepressed state, have a higher FPR. An independent effect of the immune response to HAART was not evident.
Studies of the natural history of hepatitis C virus (HCV) infection in immunocompetent patients have demonstrated that death associated with chronic hepatitis C results mainly from the development of liver fibrosis and the subsequent occurrence of cirrhosis and its complications [1, 2] . Approximately 6% of immunocompetent HCV-infected hosts can be expected to develop hepatic decompensation due to cirrhosis during a 20-year period, although the time frame in which the various stages of liver disease develop is highly variable [3] . Numerous factors have been associated with an increased risk of progression of HCV infection to cirrhosis, including male sex, older age at the time of infection, and alcohol consumption [4, 5] .
The increase in the survival of HIV-infected patients, related to the use of HAART [6] , has been associated with higher morbidity and mortality rates attributable to chronic HCV infection [7] . HCV-induced liver disease has an accelerated course in HIV-coinfected patients [8] [9] [10] [11] . This accelerated progression of disease in HIV-infected patients with chronic hepatitis C (i.e. "HIV-HCV-coinfected patients") could be explained by several factors, such as the higher HCV load detected in such patients [12, 13] or the immunodeficiency state (as this factor can be related to the CD4 ϩ T cell count) [7, 8, 11, [14] [15] [16] [17] [18] . However, the effect of the HCV load on histopathologic liver lesions in these patients had not been previously established. Likewise, although it could be postulated that improvement of immune function associated with antiretroviral therapy might reduce the liver fibrosis progression rate (FPR), the influence of the effects of modifications of immune parameters induced by HAART remains controversial or unknown. The aim of the present study was to investigate the independent effects of HCV load and of immune reconstitution induced by therapy on the accelerated evolution of liver fibrosis and cirrhosis in HIV-HCV-coinfected patients.
PATIENTS AND METHODS
Patients. Forty-one HIV-HCV-coinfected patients and 147 non-HIV-infected patients with chronic hepatitis C (i.e., "non-HIV-infected patients"), all of whom were seen at the Infectious Diseases and Gastroenterology Units of the University Hospital Puerta del Mar, Cádiz, Spain, were included in this cross-sectional study performed from 1996. Criteria for inclusion in the study included an increase in serum aminotransferase levels for у6 months, HCV infection (defined as a positive result of serologic analysis performed using a second-or third-generation ELISA and a positive result of PCR analysis), and a liver biopsy specimen with interpretable findings. Criteria for exclusion from the study included the presence of clinical or biochemical criteria of decompensated cirrhosis, the presence of hepatitis B surface antigen, previous therapy with IFN or ribavirin, and the presence of infectious, autoimmune, tumoral, biliary, or vascular-associated liver disease. Informed consent was obtained from each patient, and the protocol was approved by the institutional human research committee For each patient, a specific questionnaire was completed. The questionnaire included questions about host factors (e.g., sex, age at the time of infection, route of transmission of infection, and alcohol consumption), biochemical variables (serum concentrations of alanine aminotransferase [ALT]), time-related factors (age at biopsy and the estimated duration of infection), and virological variables (genotype and HCV load at biopsy). For HIV-HCV-coinfected patients, CD4
ϩ T cell counts and HIV loads were recorded both at the time of diagnosis of HIV infection and at biopsy, as was the type of HAART received. In the present study, alcoholism was defined as ethanol ingestion of 150 g of alcohol per day for у5 years. It may be assumed that HIV and HCV are simultaneously acquired after transfusion of blood derivatives, whereas injection drug users acquire HCV at the time that they first use injection drugs, with the acquisition of HIV occurring later [19] . However, for practical purposes, several authors [4, 14, 20, 21] , including the authors of a recent meta-analysis [16] , establish the date of HIV-HCV infection as the date of the first transfusion, the date of the first use of injection drugs, or the date of the surgery after which an elevation in ALT levels and the presence of HCV antibodies were detected, in the absence of other causes that could explain such infection. This was the date of acquisition of HCV and HIV infection used in the present study. For 50 non-HIV-infected patients, the date of acquisition of infection could not be reliably determined, and the patients were not analyzed to determine either progression of the disease to fibrosis or the risk of developing cirrhosis, both of which are time-dependent variables.
Indications for HAART were based on each individual's clinical, immunologic, and virologic status, according to the periodic recommendations of the International AIDS Society (San Francisco, CA) [22] [23] [24] [25] For each patient, presence of anti-HIV antibodies was determined by EIA (Abbott Laboratories) and was confirmed by Western blot analysis (Pasteur Institute). For HIV-infected patients, CD4
ϩ T cell counts were determined by standard flow cytofluorometry. For serum samples obtained from all subjects, presence of anti-HCV antibodies was determined by both a second-generation EIA (EIA-2; Ortho Diagnostic Systems) and a secondgeneration recombinant immunoblot assay (RIBA-2; Ortho Diagnostic Systems). Serum samples were tested for HCV RNA by RT-PCR (Amplicor HCV; Roche Diagnostics). Isolates were genotyped by line probe assay (INNO-LiPA HCV; Innogenetics), as described elsewhere [26] . The HCV genotype nomenclature used was that proposed by an international panel [27] .
Histological evaluation. Liver biopsy specimens, which measured 110 mm in length, were fixed, paraffin embedded, and stained with hematoxylin-eosin safranin and Masson trichrome or picrosirius red for collagen. All specimens were assessed by the same experienced pathologist (R.R.), who was not aware of the clinical or biological data. For each liver biopsy specimen, a numerical score was established, both for the grading of necroinflammatory activity (NIA) and for determining the stage of fibrosis, with use of the index of histological activity proposed by Knodell et al. [28] , as modified by Scheuer [29] and Desmet et al. [30] . NIA was graded according to 3 components: periportal inflammation with or without bridging necrosis (scale, 0-10), intralobular degeneration and focal necrosis (scale, 0-4), and portal inflammation (scale, 0-4). In accordance with the previously cited studies, the intensity of NIA was scaled as follows: A0 denoted no histological activity; A1, minimal activity (scale units, 1-3); A2, mild activity (scale units, 4-8); A3, moderate activity (scale units, 9-12); and A4, severe activity (scale units, 112). The stage of liver fibrosis was determined using a scale of F0-F4 (F0 denoted no fibrosis; F1, periportal fibrosis without septa; F2, few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis).
biochemical, and virological characteristics of patients with HIV and hepatitis C virus (HCV) coinfection (HIV-HCV-coinfected patients) and of patients infected with HCV but not infected with HIV (non-HIV-infected patients).
We have calculated the FPR as the ratio of the fibrosis stage to the duration of infection [31] . A validation method was made by comparing the estimated FPRs with the FPR observed for paired liver biopsy specimens obtained from 12 patients who had never received treatment. For these patients, the FPR was calculated as the difference between the scores for specimens obtained from 2 consecutive biopsies, divided by the time (in years) elapsed between performance of the 2 biopsies.
Statistical analysis. Sex, consumption of alcohol (р50 or 150 g/day), HCV genotype (1, 4, or other), age at the time of HCV infection (р20 or 120 years), virus load (р2 or 1 copies/mL), CD4 ϩ T cell count (р200 or 1200 cells/ 6 2 ϫ 10 mL; р500 or 1500 cells/mL), and immune response to HAART were compared using the test. NIA (minimal, mild, mod-2 x erate, or severe), fibrosis and the FPR, serum concentrations of ALT, and virus load were compared using Student's t test. The association between quantitative variables was determined by means of Pearson's coefficient of correlation.
The variables with statistically significant influence on the FPR in the univariate analysis were included in a multivariate analysis by use of multiple linear regression. The Kaplan-Meier method was used to analyze the significance of the different variables associated with cirrhosis. Finally, the variables with a possible prognostic value were evaluated by regression of proportional 
RESULTS
The demographic characteristics of the patients studied are shown in table 1. The groups of HIV-HCV-coinfected patients and non-HIV-infected patients were comparable with respect to sex, age at infection, age at biopsy, mean duration of HCV infection, and alcohol consumption, but their risk factors for HIV infection were different, mainly because there were more injection drug users in the group of HIV-HCV-coinfected patients.
HIV-infected patients had received their diagnosis a mean (‫ע‬SD) of 8.1 ‫ע‬ 3.8 years (range, 3-14 years) before the present study. At diagnosis, the mean CD4 ϩ T cell count was 334 cells/ mL (95% CI, 244-424 cells/mL), with 81% of HIV-infected patients having !500 CD4 ϩ T cells/mL and 31% having !200 cells/ mL. All patients had been receiving HAART for a median of 36 months (95% CI, 27-43 months); 32 of the patients had an undetectable HIV load. The median increase in the number of CD4 ϩ T cells was 225 cells/mL (range, Ϫ27 to 431 cells/mL). At liver biopsy, the mean CD4 ϩ T cell count (‫ע‬SD) was 577 ‫ע‬ cells/mL (range, 245-1496 cells/mL), with 56% of the pa-280 tients having 1500 CD4 ϩ T cells/mL.
The distribution of HCV genotypes was similar between groups. HIV-HCV-coinfected patients had significantly higher HCV loads. Likewise, the percentage of patients with an HCV load of 1 copies/mL was significantly higher among 6 2 ϫ 10 coinfected patients than among non-HIV-infected patients (71% vs. 37%;
). Serum ALT levels were similar for P ! .005 groups (table 1). In the HIV-HCV-coinfected group, the HCV load had a significantly negative correlation with the CD4 ϩ T cell count ( ; ) and a positive correlation with r p Ϫ. 34 . For both groups, the varr p .24 P p .05 iables of sex, age at infection or age at biopsy, estimated duration of infection, alcohol consumption, and genotype were not correlated with either the NIA score or the serum ALT concentrations (data not shown).
Fibrosis and cirrhosis. The fibrosis score was significantly higher for HIV-HCV-coinfected patients than for non-HIV-infected patients (table 2). The fibrosis score showed a positive and significant correlation with the estimated duration of infection in both groups (for HIV-HCV-coinfected patients, r p .49 [ ]; for non-HIV-infected patients, [ ]). P p .001 r p .255 P p .01 Liver biopsy showed the presence of cirrhosis in 18 patients. Sex, age at infection, alcohol consumption, HCV load, and HCV genotype were similar for patients with and without cirrhosis. In contrast, 22% of HIV-HCV-coinfected patients had cirrhosis at liver biopsy, whereas, for the non-HIV-infected group, this percentage was 6% (
). In addition, HIV-HCV-coinfected P p .03 patients developed cirrhosis earlier than did non-HIV-infected patients. Of the HIV-HCV-coinfected patients, 19% had cirrhosis 15 years after HCV infection, and 35% had cirrhosis 20 years after HCV infection. Of the non-HIV-infected patients, 2% of patients had cirrhosis 15 years after HCV infection, and 3% of patients had cirrhosis 20 years of infection. For the HIV-HCV-coinfected group, the immunodeficiency state was significantly associated with the presence of cirrhosis. Patients with CD4 ϩ T cell counts of р200 cells/mL at the time of diagnosis of HIV infection or with a CD4 ϩ T cell count of р500 cells/mL at liver biopsy (after receipt of HAART), had a higher percentage of cirrhosis than did patients with 1200 cells/mL at the time of diagnosis of HIV infection or patients with 1500 cells/mL at liver biopsy ( figure 1) . FPR. The HIV-HCV-coinfected group showed a significantly higher FPR than did the non-HIV-infected group (table  2 ). Although FPR was more accelerated in P p .5 HIV-HCV-coinfected patients with either no response or a poor immune response to HAART (!500 CD4 ϩ T cells/mL at biopsy) ( ), compared with patients with a good response n p 18 to these drugs (1500 CD4 ϩ T cells/mL) ( ), differences n p 23 did not reach statistical significance (0. ). P p .45 The effect of the putative variables associated with the FPR was evaluated. As shown in table 3, alcohol consumption and age of 120 years at the time of infection, together with the NIA score, were associated with a more accelerated FPR among non-HIV-infected patients. In the HIV-HCV-coinfected group, age of 120 years at the time of infection and a CD4 ϩ T cell count of р200 cells/mL at the time of diagnosis were associated with a rapid FPR. Multivariate analysis showed that alcohol consumption and age at infection were independent factors that influenced the FPR in non-HIV-infected patients, whereas age at infection, HCV load, and an immunodepressed state at the time of diagnosis of HIV infection (CD4 ϩ T cell count, р200 cells/mL) were the independent factors associated with the FPR in HIV-HCV-coinfected patients (table 4) .
DISCUSSION
HIV infection modifies the natural history of chronic hepatitis C, with rapid progression of fibrosis and cirrhosis [9, 11, 14, 18, 32] . In fact, the prevalence of cirrhosis was significantly higher at each of the stages of evolution of HIV disease in HIV-HCV-coinfected patients analyzed in our study. Those patients with a CD4 ϩ T cell count of !200 cells/mL had a higher prevalence of cirrhosis, a finding that supports the importance of immune surveillance for the development of liver lesions. We have identified 2 different patterns of evolution of chronic HCV infection as a function of the presence or absence of HIV coinfection. In non-HIV-infected patients, the FPR was associated with older age at the time of infection and with alcohol consumption. These parameters previously have been related to this accelerated evolution [11, 14] . In the HIV-HCV-coinfected group, an accelerated FPR was associated with the CD4 ϩ T cell count and with the HCV load. The decrease in cell-mediated immunity associated with HIV infection is believed to permit greater replication of HCV and, consequently, greater infection of and injury to hepatocytes [32] . Also, coinfection with HIV probably alters the response of immune cells to HCV. Whereas patients with 1200 CD4 ϩ T cells/ mL had an FPR similar to that of non-HIV-infected patients, patients with CD4
ϩ T cell counts of р200/mL had the highest FPR. The other parameter associated with a rapid FPR was HCV load. It previously had been demonstrated that the HCV load was higher in HIV-HCV-coinfected patients with low CD4ϩ T cell counts than in patients with high CD4 ϩ T cell counts [11, 14, 32, 33] ; this was also detected in our study. However, the effect of HCV load on histopathologic liver lesions in these patients, which is demonstrated in the present study, had not been previously established. Neither sex, risk factors for HCV infection, nor HCV genotypes were associated with an accelerated FPR. It previously has been demonstrated that risk factors for HCV infection have no effect on the stage of histopathologic lesions of the liver [4] . Also, although infection by genotypes 1 or 4 has been associated with a higher HCV load [34] and worse evolution [35] , we and other investigators [14] did not detect worse evolution in those patients infected by genotypes 1 or 4 than in those infected by other genotypes.
It has been hypothesized that immune restoration induced by HAART may lead to better control of HCV replication [32] . Benhamou et al. [18] have analyzed the role of HAART in the progression of liver fibrosis due to HCV. They have demonstrated a lower FPR for patients who have been receiving HAART for a median period of 14 months, although some methodological variables are doubtful; thus, patients who did not receive HAART had significantly lower CD4 ϩ T cell counts and higher HIV loads than did patients who received HAART. Likewise, the effect of HAART on CD4 ϩ T cell count or HIV load was unknown. Hence, our work could be considered the first study in which, after a median period of 36 months of treatment, the effects of the immune response to HAART on liver lesions were evaluated. Patients with immune reconstitution induced by HAART had a lower prevalence of liver cirrhosis; however, on the basis of the results of multiple linear regression, an independent effect of immune reconstitution can be discounted. This supports, in contrast, the CD4 ϩ T cell count before receipt of treatment as the factor more clearly implicated in the FPR. The results for the effect of HAART are similar to those observed with HCV load. No differences were seen between those with and those without immunologic response [36] [37] [38] [39] . It could be stated that anti-HIV regimens and improvement of immunologic parameters are not sufficient to control HCV infection.
In conclusion, a higher HCV load and a lower immunocompetence level influence the natural history of chronic hepatitis C, with rapid progression of fibrosis and cirrhosis occurring in HIV-HCV-coinfected patients. Immune reconstitution induced by HAART did not modify the progression of liver fibrosis. The accelerated progression of liver fibrosis and cirrhosis support a more aggressive approach to the treatment of HCV infection in these patients.
